The cytotoxic effects leading to testicular atrophy and impaired fertility have been extensively studied in animals."26 The most sensitive target cell appears to be the primary spermatocyte in the dividing and in the early and late pachytene stages, 132426 although other cell types, including perhaps spermatogonia, may also be affected under prolonged exposure to high doses.7"3 The degeneration of the germinal epithelium is reflected by a reduced sperm count, a reduction in testicular weight, a decreased sperm motility, and increased numbers of abnormal sperm forms.
Limited data are available on spermatotoxic effects in man. A small study among workers involved in the manufacture and packaging of 2-ME possibly showed a smaller testicular size in six exposed subjects compared with nine controls.27 In a larger study among 73 shipyard painters exposed to 2-ME and 2-EE, an increased prevalence of oligozoospermia and azoospermia and an increased odds ratio (OR) for a lower sperm count per ejaculate were found relative to 40 non-exposed workers at the same shipyard.28 Another cross sectional study conducted among 37 workers exposed to 2-EE in metal casting and 39 non-exposed subjects from the same plant showed a lower average sperm count per ejaculate among the exposed workers and some differences in the proportions of abnormal sperm shapes.29
Although these studies do not conclusively indicate exposure related effects in man their results are nevertheless compatible with animal data.
There is abundant evidence that it is not the ethylene glycol ethers themselves but their metabolites that are responsible for the spermatotoxic effects. 1214 192024 Among the most likely proximal toxins are methoxyacetic acid (MAA) for 2-ME and its acetate and ethoxyacetic acid (EAA) for 2-EE and its acetate. These alkoxyacids were identified as main metabolites in humans under conditions of experimental exposure.1313 Moreover, these experiments showed comparatively long biological half lives for MAA (77-1 h) and EAA (21-42 h) after a single short term exposure. These long half lives could be relevant in terms of human toxicity because they would imply accumulation of the metabolites in subjects undergoing repeated daily exposure. This has been confirmed for EAA in field studies among occupationally exposed workers.335
The fact that EAA could be detected in urine after a prolonged non-exposure period of 12 days35 was an important element in the design of the present casecontrol study. Since the effects seem to be largely reversible in animals,'3 161724 it was conceivable that exposure within a spermatogenic cycle would be of primary importance and that the presence of demonstrable amounts of urinary metabolites would indicate such exposure. The aim of this study was, therefore, to investigate the possible association between spermatogenic disorders in man and exposure to ethylene glycol ethers as assessed by the presence of the urinary metabolites.
Methods

STUDY GROUP
The study group consisted of 1019 cases and 475 controls. All subjects were first time patients presenting at the university outpatients clinic for reproductive disorders in the period between October 1985 and July 1990. At this clinic for couples with reproductive problems, the routine procedure was that both the male and female partner were medically examined. Men essentially the same (X2 probability 0-82).
Anamnestical information was used to score the subjects into three categories for alcohol consumption and into four categories of smokers. Alcohol consumption was the same in cases and controls (X2 probability 0-67). The difference in smoking habits was not significant (X' probability 0-14), with only a slight excess of heavy smokers (>25 cigarettes per day) among controls (16 observed v 11-2 expected).
CLINICAL PARAMETERS
The clinical parameters were compared by one way analysis of variance (table 1). As should be expected from the definition of the case and control group, highly significant differences were found for testis volume, sperm motility, vitality, concentration, morphology, and integrity of the cell membrane, and FSH concentration. The mean ejaculate volume and period ofabstinence from sexual activity did not differ significantly.
Exposur-c to ethylenc g/vcol ethers and spermatogenic disorders in man: a case-control study7 63-9 (7-3) Integrity cell membrane (% normal) 53-2 62-8 (9-4) FSH (mIE,ml) 7-6 (9-7) 4-4 (2-9) Abstinence (days) 4-7 (2-6) 4-9 (2-8) NS **F < 0-0001.
METABOLITES
In total, urinary EAA was detected in 45 subjects, with concentrations ranging from 1-3 to 71-0 mg/l (table 2) . Of these, 39 were cases and six were controls. This gave a highly significant OR (3 11; p = 0 004). The mean EAA concentration, on the other hand, showed no significant difference between the two groups. Of the concentrations above 10 mg/l, 10 were cases and two were controls. The highest value (71 0 mg/l) was in one of the case group, but the second and third highest concentrations were in controls (60 8 and 51 5 mgl1).
On dividing the study group according to sperm concentration corrected for motility and morphology (table 3) , a highly significant clustering of EAA positive patients was found among the subcategories representing complete azoospermia and severe oligozoospermia (Z2 probability 0-0087).
In linear regression analysis, EAA concentrations did not correlate significantly with anv of the clinical parameters. On the other hand, a significant negative correlation was found between EAA concentration Tabie 40 2 166 z2 probability 0-0087.
and age (r = -0 30, p < 0 05). Within the total cases group the average age of the EAA positive patients (27-3) was slightly but significantly lower than in the negative patients (29 2) (p = 0-01). A similar, but statistically non-significant, difference was found for the controls (28-3 v 29-5).
The metabolite MAA was positively identified in only three urine samples (table 2), representing one case (3-2 mg/l) and two controls (2-1 and 2-3 mg/l). The total number of40 positive EAA or MAA cases v eight controls still gave a significant OR of 2-39 (p = 0-013). Because the number of positive MAA was too small, they were omitted from further analysis related to occupation and contact with chemical products.
OCCUPATION AND INDUSTRY
The case and control subjects were grouped according to occupation and industry (table 4). Odds ratios greater than one were found in several categories, but none proved statistically significant. The highest ORs were found among paint workers (2-35), wood workers (1 88), car assembly workers (1-71), and welders (1 61).
A large number of EAA positive subjects appeared to be clustered in only a few occupations (table 5) . Categories with a significant excess in this respect were paint workers (six positive subjects among a total of 18; p < 0 0001), motor mechanics, and car body repairers (five in 29; p = 0 0015), and wood workers (three in 25; p = 0-039). The adopted coding system did not always allow the expression of possibly relevant similarities in exposure conditions between different occupations. Notable examples of this were found among EAA positive subjects. At least two more subjects could be associated with printing, one in the production of metal packaging goods and the other in planning the production of publicity stickers. Likewise, not represented among the motor mechanics and car body repairers were a transport manager also doing repair and maintenance and a comparable case in an army transportation unit. Further examples were a laboratory scientist in a paint factory, a planning manager in office decorating Metal Table 6 summarises the numbers of subjects with regular exposure to the various products or product categories in the questionnaire. The ORs for occupationally exposed cases were considerably less than unity for cadmium (0-28, p =0-013), textile dyes (0 33, p = 0-061), and carbon disulphide (0 50, p = 0-11). Roughly the same results were found Exposure to ethylene glycol ethers and spermatogenic disorders in man: a case-control study when the non-occupational exposures were also included. The numbers in each of these categories were, however, small. Several other product categories gave ORs greater than unity. Of these, occupational exposures to leather finishing products gave the highest estimate (2-33). This result was, however, not statistically significant (p = 0 67) because of the small number of exposed subjects. Possibly of more importance were the occupational exposures to paints and varnishes (OR = 145, p = 0 053) and paint removers (OR = 1-56, p = 0 12). The data of the questionnaire were also compared with the results of the urine analysis, and showed a strong association between exposure to paint products and the detection of urinary EAA (table 7) . Lead, cadmium, insecticides, weed killers, asphalt and bitumen, carbon disulphide, and welding fumes were also treated as possible confounders. The association between urinary EAA and diagnosis remainedsignificant after stratificationforexposure to any of these product categories (X' probability: 0-011).
Discussion
We chose a case-control approach to study possible spermatoxic effects of ethylene glycol ethers in man for two reasons.
Firstly, although exposure to ethylene glycol ethers may have been common both within and outside industrial environments at the time this study was initiated, single large cohorts of exposed subjects were not available for a cross sectional type of study. From our own experience39 it seemed that the exposed population consisted mainly of small groups of workers in minor enterprises such as printing shops or garages, or in small departments of the larger companies. A cross sectional study would have posed major problems under these circumstances, especially for the selection of suitable control groups and the standardisation of a sperm testing protocol. A case-control design, on the other hand, seemed more appropriate to avoid these problems. By taking all first time patients from the same clinic, we believed that selection bias could be minimised. The results support this view, as cases and controls were within the same age group and had a similar socioeconomic background. Another important consideration was that all testing of sperm could be done in a clinical setting and in a highly standardised manner.
Secondly, a case-control study was preferred because of the anticipated low participation rates in an industrial survey involving testing of sperm. Other epidemiological studies reported participation rates of 50% for exposed subjects and as low as 25-32% for controls,28 29 weakening these studies by the possibility of selection bias.
The main difficulty with the case-control design was to obtain reliable information on exposure to specific ethylene glycol ethers. Such information could not be obtained by a questionnaire alone, because most patients would not have sufficiently detailed knowledge of the composition of products. The availability of a specific test for urinary metabolites offered an alternative. Because of the fairly long biological half lives of the metabolites, detection of exposure would be possible until several days after the last contact.35 As the medical examinations took place in the middle of the week and no patients were in hospital, it seemed reasonable to expect that most urine tests would reflect exposure as a consequence of the subject's normal daily activities. The probability of being found positive would be higher in persons with regular exposure. Because accumulation of the metabolites takes place under daily exposure during a working week, urinary metabolite concentrations in such persons would be more likely to exceed the detection limit, even if no exposure took place on the day of the medical examination or even on preceding days.
The total sample population size was based on the assumption that the number of exposed subjects would not be less than 0-5%. The actual number (3 2%) does not necessarily reflect the exposure in the population at large, but rather the increased exposure odds among our cases.
The main finding was the highly significant association between a diagnosis of impaired fertility and the detection of EAA in urine. Furthermore, the occurrence of EAA was strongly associated with exposure to products containing solvents, especially paint products, and with some groups of occupations. The most important of these groups were also directly or possibly connected with paint products. Association with printing inks, on the other hand, was only reported by four of the EAA positive patients. Other sources could not be singled out because of the strong correlation between exposure to paint products and preparations containing solvents. The fact that EAA was found in 45 patients whereas MAA was only found in three patients seems to agree with available statistical data on the use ofthe parent compounds in chemical formulations. 40 The choice of the study population must be taken into account when suggesting a possible causal relation between exposure and clinical condition. Normally, patients would only be referred to the clinic after a long period of unsuccessful reproduction. One possibility is that exposure to the spermatotoxic agent occurred frequently or continuously during that period. The data contain no direct proof of this hypothesis, but the fact that only four of the EAA positive patients had changed employment within one year before the medical examination, lends support to this explanation for at least part of the cases. It is also conceivable that exposure acted only as a contributing factor in some cases with an already subnormal fertility. 
